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SUiiIMARy 



Testa vere made \ii NACA tanlc no, 1 of a powered 

dTmamlc modol of a foiir-englne long-range flying boat 
with a 30° V-atep and tro different transverse steps of 
ocmparalDle positions and de^tbs. The teste Indicated 
that nimllar landing atability la obtained with a 30° 
V-atep and a transverse step having the same depth as 
the 30° V-step at the keel. 



IITTROraJCTION 



It was concluded In reference 1 that variations in 
the plan form of the step of a flying boat hJsve only a 
amall effect on the lower triin llr.it of sta^oillty and on 
the range of stable poeitlons of the ct-nter of grsfvity. 
The effects on the upper trim limit of stability and on 
the landing stability are attributed nainly to changes in 
the effective depth of step introduced by the variation 
in plan form. 

Teata of a powered dynamic model of a four-engine 
long-range flying boat were recently made in NACA tank 
no. 1 to investigate the landing stability with a 30° 
V-step and with two transverse steps of comparable posi- 
tion and depth to thoae of the 30° V-atep. The reaulta 
are presented herein to supplement the information of 
reference 1 and to provide additional infomation on 
which to base the design of the step. 

MODKL AND PROCEDURE 



The flying boat represented during the tests had a 
gross weight of 76,000 pounds, a gross-load coefficient 
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of 1.02, a wing loadlnc of 42,7 pounds per square foot, 
and a power loading of 10.5 pounds per horsepower. The 
model was l/8 full slae and was powered by scale pro- 
pellers developing scale thrust. 

The form and dimensions of the steps tested, as 
measured on the model, are shown In figure 1. The depth 
of the V-step, which was chosen arbitrarily, was more than 
sufficient for satisfactory landir^ stability, (A model 
with a step of half the depth of this step showed violent 
skipping ch&ractorlstios . ) The depth of the shallow 
transverse step, excludl.ng chine flare, was equal to the 
depth of the V-atep at the tiansverne section through Its 
centrold (center of /;ravlty of the plan fon^ of the step, 
1/3 the dlatance froi.i tbs chine to the keel) . The depth 
of the deep tranaversc step v^as equal +-.0 the depth of the 
V-3tep at its keel. Eoth transversa steps v^ere located 
at the centrold of the plan fovin of the V-step because 
in reference 1 the stable range of positions of the center 
of gravity with the trLi.sverse steps in this location was 
shown to be the equivalent of that with the V-step. 

The trim lirtlts of stability of the model were ob- 
tained in the usual narner, as descrl>'ed in reference 2. 
The landinc stability vas furt?ier investigated by actual 
landings of th*? nodel \.hile the towin;^ carriage was 
belnr; c'ecelerater, as described in reference 1. Landings 
were made at various trlT"s with the thrust corresponding 
to full power, and uotion-pic bui-e records were made of 
the resulting behavior of the model. 



RESULTS A?7D DISCUSSION 



The trim limits of stability obtained with the 
various stops are ahov/n in figure 2. No fipnlf leant 
change in the lo?'er litfit vrns obtained. The upper 
limits at lilph speeds are higher for tire V-ptep than for 
the transverse steps. The s.prcaci bctveen the tro 
branches of the upper lifnlt is greater for the shallow 
transverse step than lor the deep transverse step or the 
V-step. 

The curve of lanc.lng speed for various trlrar is In- 
cluded in figure 2 to show the relation of the iipper 
llnltp, as usually obtfllned, to the r.lyins' speed. Prom 
preliminary teats of ar.ot'ier model, it Is believed at the 



3 



present time that the lower branches of the upper limits 
also extend to- flying speed. - ' 

A siumary of the landing characterlstlce obtained 
with the different steps, as derived from the motion 
pictures, is given in table I. As referred to in the 
table, a skip Is defined as a vertical motion of the 
model, subsequent to a landing., of such magnitude that 
the step cones clear of the water. If the number of 
skips is considered as an indication of the landing In- 
stability,, the stability of the model with .the deep 
transverse step is comparable with that of the model with 
the V-step; v/hereas t lo stability with the shallow trans- 
verse step is markedly less than tljst with either of the 
other two steps, Theae more unstable landing charaeter- 
latics with the shallov: transverse step are believed to 
be associated with the i,reatsr spread between the two 
branches of the upper limit for this step as noted in 
fiCurs C. 

The frontal area and merin geometric depth (frontal 
area divided by the beari) are approximately 2E percent 
less for the V-step than fo:' the deep transverse step 
having comparable landing characteristics. If it is 
assumed that the frontal area is a rough indication of 
the inci-eraent in aerodj-nairlc drag caused by the step 
(reference 3), there -.Tould bo an over-all advantage in 
using a moderate V-plan fern for the step, in preference 
to a straight tran.iverse plan form. 



cotti.t:sioii 



The teats made on a powered dj'-naaio ia(?del of a four- 
engine long-range flying boat indicated that similar 
landing stability Is obtained with a 30 V-otep and a 
transverse etep having the B&iae depth ae the 3^ V-step 
at the keel. 
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TABLE I.- LAiroiNG CHAIIACTEIIISTICS OP MODEL 
■Wrj?H TERES STEP CONS'IGTIRATIOKS 



Trim at contact 


Speed at contact 


Landing 


characteristics 


(deg) 


(fps) 






V-3tep 


15.0 


38.0 


Full 


stall. 1 skip 


11.0 


39.8 




1 skip 




9.0 


41.0 




Stable 




8.5 


42.4 




Stable 




7.0 


46.0 




Stable 




6.0 


49.0 




Stable 




5.0 


53.0 




1 skip 




Shall iw traiiaverao 


stop 






14.0 


57.0 


Full 


stall, 1 


skip 


11.0 


40,0 




3 «:l:ips 




9.0 


43.2 




4 skips 




7,0 


<:6.5 




5 skips 




6.0 


49.5 




Stable 




5.0 


E3.4 




1 skip 






Leep transverse 


step 






14,0 


39.6 


Pull 


stall, 1 


skip 


11.0 


39.5 




1 skio 




8,8 


43.5 




1 skip 




7.2 


47.0 




Stable 




5.7 


52.2 




Stable 





BAOA. 



Tig. 1 



Depth at cenliFpld 




1.55 



I 
■ 




Centrold of V-step 




Shallow 

transverse 

step 



Deep 

traasTerse 
step 





Slgura 1.- DlmenBionB of 7- step and transverse steps (Inches), 




71gure 2.- Conparlson of trim limits of stability for a 30° Y-step 
and two traasrerse steps. 
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